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m m m 

[0002] InP^^vrngs-gv^stf— (Heterostructure Bipolar TransistonHBT 
) <D^—xmttnbte&<h&m¥mf£b\^XGaAsSbft®L g £*I/TV5„ GaAsSbtt 
, InP^tS t^UTGaAs Sb ©tefifcfcfc^Tjfc^gE-g-t'So -< — ^UGaAsS 

(0.51) (0.49) 

b&JBV\fcInP/GaAs, Sb /InP^HBTO, tth,;fcffiJS&1«£m»JEWtt 

(0.51) (0.49) 

&IWfc0fcSt'5££:fl s 'BrflBfcfc5 (Mfcl :"300GHz InP/GaAsSb/InP Double HBT 
s with High Current Capability and BVceo^6V", M.W.Dvorak.Student Member, IE 
EE.C.R.Bolognesi.Member.IEEE.O.J.Pitts.and S.P.Watkins.Member.IEEE, :IEEE E 
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CA VA 

m^E Rxmm^E bx\^^>^(^^—^T^>^)mE >e 

CB VB CA C 

j^oTe >E J£:fc5type-P>^n8te^ mi5K^ir^iZ, TE <E J^or 

B VA VB CA CB 

VA VB 

[0003] ^(CGaAs Sb &m\r^b. Z<D&mW1&<DtfTl'^A'&*lriP=*ls?* 

(0.51) (0.49) 

m<Dfcm^(D7tf^^/\s£<9hm<tt: , Q. InGaAs/InP^HBT-eMM^^oT 

tcnffl&%?\kbmmf±&mmmznbfr%£?iztez> 0 GaAssb^— * 

[0004] InGaAs^-^jl(Cjl^Lyc:#-^T^^^^-^pMK-/^>htL-rfflVN5r^ 
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&}tef&&mx»3bz>mm&mumj$.i5:m (mocvd) izxymGaAsmzitM-tzm 
teb-r, mm* \z.*m^mk£tix\, ^mmr^^(Dn^m\^xmKm. 

5»K]-r5ft£f<^- W>- (Burn-in) ^^fcibU ^H^f mfe*h£it£lt 

[0005] U^Uft^ InP/GaAsSb/InP^HBT^t^T^^M^a^tbTV^o — o 

^^^5^^^^^*(DiiAn-e$)§o InP^^^jfiGaAsSb-<— ^S^>— 

mi6<Dy<^Vm\^irXv^. fcmi%%&Xte, P ^(DGaAsSbJ;«9^5-<— ^ 

\<^frhm*m^MLxmmj&iftbi,xffl)Z. m^nmmttmfzmmbte 

[0006] ^?Lfc|£j§I^$:1-&fc£> fc % InP/GaAsSb^<7)HBTlf|5t t^&l ^ttu ^5>;/ 
^O^M^Rg^ffi ( A Ec) 3yh£<U Zhiazmmt (^y?<Dfc 

(l)-<— ^SO^MOtK^v'-Y/I^ GaAs Sb J:i9^iS<i-So 

(0.51) (0.49) 

[0007] ±te(l)«, GaAs Sb ^-;*Jf (DAs,m;&x£0.51 X'Oh^ir^tXmMX 

00 (i-») 

£5($J;tte\ ^2:#^2002-270616^$g)o CKD^te, »^^GaAsS 
b^Ii^^Si-Sfc^^^l-ll^tS^anP^^LTGaAsSbO^^ 
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j&&mm^<D^fe&Mte¥frhi&frhthz>) &A^<m. $&Rmm%&x.z>bGaAs 
ms(mocvd) \z.xmm^wmr^m^, ^K-^u-cGaAssb^^pst 

[0008] _Lffi(2)te, InP^t&^g^Lfcln Al As^fflV^^rfeT^ (#!;Ui\ I« 

(0.52) (0.48) 

3:#^2002-270615-^-^) o bd-b^^b'Om^TI*. Aim^0A8b± 
#<, i^^b^Ojf^ s InP^i:b-<-C^d^-{£V\ ^fc, InAlAsjfOnMK— 1° 

$^cinAiAs«, 7>^(f) ^x<>x^])T^m^i^^^n^t\^mmhh 

tt— jt£^600°C^_L) % *m<D$.£:U& (l^500°C-^) b<DW&M&*%<ti:*). 
JC^Xhf&tlbtlX^Zb&y. &0fcInAlAs/GaAsSb#®£#5<Z>asfSLV>£ 
[0009] *BKfi. W±©J:9^Ppm^^^i-Sfc^^^$tb^(D-cfe<9, 7fimo<D7f 

^—^wAmco^m^^w^^^<D^bizxy)^—^GaAssb^m^^ 

[0010] ^PJ{^S— XH^^^tK— ^h^v^te, GaAsSb^WM^ 
fclJBlOn. Al, P^^cW^^ior«^ttS^n^^W^-7b^>^ 
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As, Sb£r£#., ^y^M^ir^m^mW-<omj^jtm\^MJ:<thln^ Al 
[0011] t.tz, #»Kfc«3^n^/V#— InP^ib#t/#£;ft7i»t 

[0012] ±ffi^O^'V#— 9h9>^**J;:*5Vvr, ^--xmi^t^thimteGaAs 

«U 0<x<l, 0<y<l<D$&mX*2b}Ut£\,\ £fc, Jfe&$x<E>*5iattO. 

2^x^0. 8"Cfct). y<£>$5fflte0<y^0. 5-efc*tfi«fcV\, x^y©ii^0. 49 
x+1. 554y^0. 25W£*Lf*«}:V\, Agx."T\ m^RXfyfD^m^tl^tlO. 45^ 
x^O. 55 > 0<y^0. 25-e, xky<Dm&&0. 49x+l. 554y^0. 36£&*Ui£V> 

o 

[0013] ±m^T^m^4^—vh^>^^icm^x^^y^mi^^A\ms. 
[0014] *fc, ±te^o^y^^— ^h^v^^tcjov^, =*w^Jite, -r^^Ai: 

SteGaAs Sb =l^^attln Al tt*bm&&tl* x&XtzlttA 

to (l-z) (z) 

S«U5foSr*U 4MSJ5fett, 0<x< i x 0<z< lOlSffl-efen^v^ zOf&ffl 
fit.0<z^0. 18T*fo!9. xbzOmm-t. 0. 49x+l. 554y^0. 36T*fctt{i £l \ 
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[0015] &*5, ±fE^n^^jtf— ^b^^^CfcV^-C, #Jite, ^m&JS^*Hl£ 
TV^ 0 

[0016] iU-ht^0^bfci5 131, K«fc*Ui , GaAsSb^^fSr^— ?M ^^"TS^n 

, d*o«*l|9«*^j!Hl$*5;fc^ ^GaAsSb^fflV^c^rng^^tf 
[0017] [Ell]Eim* ^iOllfDfil^ltS'sfP^^-^by^^OM 

<5o 

[H3]|g3tt x In Al P£Vt£Z^y?m%ffl\<^t£^Tvm&/<4tf—7h7^iS* 

(0.85) (0.15) 

B 

[|U4]|34te, ^^^Oln Al P/GaAs Sb (C*5{t^^x, y^«tS^^(D 

(l-y) (y) 00 (l-x) 

[m 5A] m 5Aht , #31 w<Dmm<D&n ^n^m^^T^m^u^—^bv^^ 
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[g]6]|Il6te, In Al Pi^^S^y^ji^fflV^C^XD^^W^— 7h7>&X 

(0.85) (0.15) 

c 

[El 9] IE] 9 tt, InAlP ±0*53^3/ ^Jf V ^rn^W#-7 h^v^&t* 

[El 1 1] El 1 1 tt> ^BJ^^igO^S^^^te^— xn^y WtK— yh^i?** 
^It^J^'f-^fSEl-efcSo 

[E112]|1112{i, GaAsSb/InPM^&V^C, InSbZlE&ftb-t&m.Rm&XZtc 
m 13]E1 1 3tt, 121 1 1 [u^f^rng^WjK-7h7>-^^ fcSsttS^— *Jia>£> 

[E115]|1115^, 2mmo¥^^^^Stype-II^^VK^^'7-^^^Bl-efc§o 
[El 16] Ell 6 InP^v^SirGaAsSb^— ^JlO^^ag^C&tf^^K^f'V 
^y:/©«5£IS"e*>5. 

mitt, ^M^iiJio^ii^fcits^o^^M^— 7h7^^^«^j 

mmt\^xm (Fe) ^K-^tl-ti^^t^^cInP^^^S^^® *s (100) 
fcS^l©±(C N i^M^^y^^CsO^K—^tv-Cn^^nfcInP^^/^i^^ 
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(0.51) (0.49) (!-y) (y) 

(0.53) (0.47) 

. [ooi9] ^tc^y^u^m2(D±(D^u^msmm^fhx\^^mm^—^y^mm 
L,t^u^mm6^m^ti, ^■—^m4iD±(D^y^m7^m^fvx^^^'m 

\-,ti^y?mMioj)m)&&thx\ ^ 0 

^.tfC^l. 1 X 10 20 cm~ 3 K-:/£*K ^y?m7te, mz.ltSi&5 X 10 17 cm' 3 K-^ 
$*U ^yy^MS^ $JxJiSi/$$2X 10 19 cm" 3 K— 7°&frl, =^^Wf $J*Lfc£S 
i^3 X 10 19 cm" 3 K— 7°&tlX\ ^ c 
[0020] #:Jo, _k$Ut[H 1 Th^>^*^cDf¥^#f ig^ov ^ 

^tl\tm<Dm^Xh^i^^\ #JxJ£, K— ^°>M£nM£LTSi<Dftilf-Sn;«ffl 
Wtfe^fe^, pSibTC(^^)(D-flil(CZn, BetstFtmm-tjmX&Zo 
[0021] JfcK:, Ell{^t-^^^^^^-7h7^^^it^•^!J^oV^rffi^(C 
t^PJf^ , #iRfi\ MBE (Molecular Beam Epitaxy r^^^^t^^—)?*^ 
MOCVD (Metal Organic Chemical Vapor Deposition : jfejfciTO 
, 4**P<Z)*£ifl/fcg&ffi(3£g) (C«t«9. fij^Uf^b^^^OJl^^ S*glO±^ 
Ji|I^^Jf^(aii)^tt7i^Si:-r§o m^., y £to<D})y7y7^&mb^y^>y*&ffi 
blz£<9 s Hi^i-J;5^f-«5t^?f^$^c^^^-r^ 0 liMSftPI 

P M^Lfc-^^/^— >^y^7^^ £t97#/&U Z(D^*yy<?~ XD±£.V)Ti 

[0022] ^MJ-^o\zJfc^frtzm\\z.^ 
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(l-y) (y) 

1r£?K. e#ffirig^*5V^^ 31*5/^7^— ^S4©#iS-efi, ^y*M7(Dj5 
^IV ^r^^t^?r#otlt^?>„ ^JUcatU ££5fc<DInP/GaAsSb^<D:^ 

[0023] _b3£<E>^fc:«fc!>, ^5fe-Cfi^^^/-<-^®^^#?ibTV^cPf g|i 
ic^i-^ng^^WaH— 9h9^^t!U;tbtf, ^StLfcttJSBisfcSo -©SSJg: 

[0024] E3^^i-i5{-, ^^mnP^bm^fhitm^<D^m^^^m^it^.u 
=.^y*m&in ai p^hm^tcm^. mm^irx^ M(Dm^i5%t 

(0.85) (0.15) 

Al P«tt)*5^y^S^ffiV^^nS^W>K— 7^9^^anPJ:9^S 

0.85) (0.15) 

B 

[0025] ^y^S^^i-^InAlPOlM, XU 5 ^- ^SSr«^i"5GaAsSb©»a 

^^OV^mP^i~5o »tt,aTO(a), (b), (c), (d) tfftfc 

(b) ABc^m^-r^m^m^^o 

(c) GaAsSbOTk^TO^Stt^^t^P^o 
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[0026] &TAa)<Dm&fc^^XmMir% 0 InPfrbf£%mm(D±lzm)3%£tltcGaAs S 

(1-x) 

3I^£Stt5„ In Al P» % y>OTfeSISi)5|ogg«93I^Srgft5o 3§^il^ 

U-y) (y) 

8«>fbK:ttR##*>5. GaAs Sb /<-*Jf fcfc % ^ B B B D R p«<^Mb££C#l>K- 

(x) (1-x) 

^!j^fi^-^ig^[^600Q/.P (¥*cm)©f#|l{j: % Igff aU5nm]iu^&5„ 
[0027] £fc. In Al Px^^IfcoV^tt, i<Lfc^lOn Al Pa^s/^JptfVO 

(l-y) (y) (l-y) (y) 

. (l-y) (y) 
(l-y) (y) 

5^. GaAs Sb frtbt£Z>^<—xmRX$ln Al Pa>fcfc5^y*Ji2:t>K:, HMf. 

W (1-X) (l-y) (y) 

[0028] #Ct£ x (b)(D^^oV^^Ki-^o mT&Vtc*mA<D$j)^%nZ>titb1<a^ AE 
c^GaAs Sb /InP<D^£$t>S^^5i&K#a^ InP^fe^^FCD^V 

(0.51) (0.49) 

S/VMZltirt&GaAs Sb O^T^v^/l^cD^ Rmn Al <D^Tl/\/\sVb 

00 0"*) (l-y) (y) 

(Dm-t, mf&xRtfy\z£<>X&mhZ>^bft-*imX&Z) 0 GaAs Sb /inPCOA 

(0.51) (0.49) 

Ec(CoV^T{i. &j0.18eV£J| J ^k;ft,TV^<b^ Mxiyi^ioTAEc^O.l 
8eV^T(-^5f£#£*#>5£, 0.49x+1.554y^0. 25£#5 0 
[0029] tfftfeUt (a) ©«;£&tf_L3£L;fc. (b) 0«^{^P^T, #te##W©S&;fc«:38»$ 

i£K&5&#(0.49x+1.554y^0. 36)Sr^V^©^SI*UV\ i©^#Tt, W 
l^m^-f (c) ^m^&tJ* (d) -^xngf-gv^sK— 9h?>^;**G>SSJi 

m&zm&w&^tt\<^mi&<Dffi.m^\,^x, &bfc&M&n?o 

[0030] (c)©«£fc:oV>TlftW1-5^ tf, Asm/£x$x^0.51«fc!9fc*#<-f5^ GaA 



WO 2006/003845 



10 



PCT/JP2005/011606 



(x) 0-*) 

(x) (l-x) 

\H\^X.htVT:\^b%-e-foZ> 0 ZL(D0kW\^GaAs Sb m<VUj&XZh%b, x<0. 

(x) (1-x) 

fcGaAs Sb SOi|§.^±PSt^5o 
[0031] (d)0«^^oVNTtftP^-r^,*-f, 0^x<0.51<D$5ffl-ete,In Al P 

(l-y) (y) 

/GaAs Sb OAEcte, x^/h$<^(-ontGaAsSb<Dfe^^©^ryi/-V 

(x) (1-x) 

XhZ>„ ^.(Dma-X, GaAs Sb JS<Z)J£^^an Al P®05lo^M^-i:<D 

60 (1-x) (l-y) (y) 

s Sb m<DB-}&<DT$&b, In Al Pgom^-bPS-e^o 

(x) (1-x) (l-y) (y) 

[0032] J^±<D(a), (b), (c), (d)<Dm&frbm$m£tlZ&W&l£bfrX^Vtci><Dl)K 

tm&^nzmt&xibZo sat. ^402-^1-^15^ ^^m^ws 

^5^^^inPd^«^bfc^j;«9^Ji*p-r?)ig^-efe§o mm4om, m&z 

) ^m^x^t^ ^mx&z> 0 
[0033] £fc, £bt^ ^w^m^wx^. fi^^y?mm(Dtem%r<Dtf^>^/vm& 

&£VM#>Z>tc#><DjjmbVX.'<— ^-^B^ifiV^n Al P^;y^Ji<7)AlMc 

(l-y) (y) 

}C*j-LT, (-<-^e^>IIiJ) ^^3S^^^}CotLTAim^^>$^"C 

InP^afi^^Sm^ffi^JiO^lffl^^^ib^o 
[0034] GaAsSb^)^^6-<— }-*5{t5AsO*a^^^ ^^^jg^^lj^^it^ 



WO 2006/003845 



11 



PCT/JP2005/011606 



[oo35] ^w<Dmmmm\ztetf&m(D^vm&/utf~7b7^i>^iz.'o\,^ 

\ i —y^nxMnut^tzinp^b^^mm^(ioo)t^titcm^5oi<D±^ 
mmm^>v^(si) ^—^nxnmt^ritcinp^^^-^u^m502, in 

P^)^*^^l/^®503, Mmm^miC) ^-^flXpmt^tltlGaAs Sb 

(0.50 

ln frbteZ^-*m504.Sim—-7£tlXnmt£tltiIn Al PfahttZ^y 

(0«) (0.85) (0.15) 

^S507, ^mmzSitfF—y£tlXnmt&tlfrInPfabte%*^y^m508^ 
mzSitfV— y£tlXnmt£tltz.In Ga As^^^^>-^^hJi509^g$ 

(0.53) (0.47) 

[0036] ^^^^Jl502(D±(D^^^S503^JF^$tvTV^V^^^-5:5/ 

^fhx^^^mm^"^y^mi^tc^—^mm505^^ri^^^bm509 

<D±\zyf~^?&m^tc^y?m^510dmj&£thX\s^ o 

&*3* f-^L/^«502», \Hx_\^ Si^2X 10 19 cm" 3 K-7°$n, -<-^S504 
te, ^IxJiC^l. 1 X 10 20 cm" 3 K-^^ ^^Jf 507f3\ #i|x.tfSi^5 X 10 17 c 
m" 3 K-^fb, ^-V^°ji508«, f?!j^ifSi^2 X 10 19 cm" 3 K-^°$tb. ^l/WYM 
509te, F!lx.tfSi^3X 10 19 cm" 3 K— ^tLTV^ 0 =iix^Ji503te, JgU¥l50nm 
Um^m^tl. -<-XJl504te N fliJ?20nm^{-?f^$n> ^^Jl507«\ 
H)?30nm@it \Z.B$L&tiX\ ^ e 
[0037] $Nk N ±^L/clH5AS.OT5B{C^-r^^D^^^^— ^h^v^^p/te 

xzz!®xhnitm<Dttmxhfri£fr?j:\< \ 

[0038] ll5A^t^ll5B|C^i-^n^/^xK-^h^>^^(DM^W'J^O 
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[0039] ^my^yy^^mt^y^^mtK^^ msAizm-rx^^mm 
75mf&&ti±ytntirz> 0 ^cDt-y-nmmzmz^^x. *&m<Dmwiz&vfr^ 

[0040] mmj&i$mz-m n *ffix±.^?'<#— ^jy^y^Kxm^v. 

mt-r^ 0 -tibtD-mmommffimz^xte, &mmizte\,^xTmb<Dmx*~- k 
y?^??hdmtLZ>vt-mx&tii-£^ m<Dttmzm\<^£yiz.isXh£.<. &wmx& 

[0041] i^L/ci^i-^^^cIllSA^T^iaSB^^^xn^^W^-^b^Vv 5 ^ 
[0042] i©^, ElSAS-tFElSB^^i-^n^/M^— yh^V^^^^tbii^ ^5 

^nm^x^m^wmztomzth, x^y^/^-^sotM^ 
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tlh<Dt&%: , El 5A& Xfm 5B iZTF-t -~^r o*g£v 9 F>9 V » 
[0043] El6^i-J;p{^ ^y^mnPf}^m^tltcUM(D^m^^Am^^U 

(0.85) ( 

0.15) 

^g^fflV ^c^n^^^xK— ^h^V^^irO^V^V-ya^h (gummel-plot) 

B 

c 

[0045] ^mJl<Dnifa<DBMfc&tf5m(D^v&&/<'(tf-- ^b^v^^oV^ 

yby^J^n, ^mWkVXmFe) tf\?~7£tLXmUttb£fttzInPfi>btf:Z>± 
(100) ££nfc£l£80:L©±^ Mv-yr^ (Si) j&SK— -f&tlXrmt 

C)^K— ^£;JxTp§y££tW-cGaAs Sb j&^&S^— ^S804, SiJ&SK— 

(0.51) (0.49) 

07, i^^^tCSi^K— 7f£frXnmt£thtzInPfrbt£%*c^y-7*m808, MWM\Z.Si 
&\ f —y*£tlXn&Lk£tl1tIn Ga Asfrbt£Z>=»#?hm809tffMm£frlX\^ 

(0.53) (0.47) 

5 C ^^®807te, ^—xm804(Dmfrb*^y^m808<Dimz.frtfX, 1n<DW& 

itm. 75frbi. oo^tmtu AXDiaj&itjtfio. 25i>*bo^tmkVfc* intm to 

L,xA\-z>m'Pir z>ffimm.$.<DVtWLk£tvx\, ^„ 

y-&mi-tc='u?-?mM806m2j&£ti, ^<—xm804<D±<D^y#m807&mj& 
^fix^^^m^\^—^y^^tc^—^mM805^m^ti, =:^wg809 
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[0047] /«C*3, i?-^3l^^®802tt, ^!)^Li^ Si&2 X 10 ,9 cm" 3 K— ^$tb % ^-^Jf 804 
tt, #J*j£C^7X 10 19 cm" 3 K— ^^®807(i, ^!lx.^Si^5 X 10 17 cm~ 3 
K—^Stt, ^^^S808^, ^^LJiSi^l X 10 19 cm" 3 K— 7°$^ a^^Wf 809 
I*. ^JxJiSi^l. 5X 10 19 cm" 3 K— ^MvCWB. =W^/i803te, JJf/?180nmg 

[0048] Jfe*3 x ±5zBLfclll8l^^^n^/W^-7h7^^0^iB^#|at^oV> 

[0049] Ji^Lfc^fC^^^BIStCjSi-^cig^/V^— 5h?>i?X*\Z£tlti* 
3^*/i807aSlnAlP«fc*>«^$;h/O^ 

[0050] ^<D*£m, g]8{C^-r^^ci^^M^— ^h^^^^J;^^. x^y^/-<^ 

teste®, ^y^x^-^mx(Dh>^w^mmm^i-^o ztitbomm. 
m8iz^i-^Tvm&/<^#—7h^i?x?\z.&^xi>. &mzit&Lxnm*m 

[0051] tsfc, m8fc^-t-^t2^/W^-^h^^^^«i:n^, ffi3zBUfcJ:5R:^3> 

^S807^W4^t$^ -<-^S804^cD#ffi^joV^«AlcD / m^Jt^i^< > 
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[0052] 09»^-f-J:5J^ ^y*tnnPfrbffii&£ntcft&(DftM&^1r&mzlt&U 

(0.85) (0.1 5) 

B 

[0053] ms\z.m1r^vm&/^tf—JYT^*#\z.£.ti\^ laiotc^f i5»c, 

tL§ 0 ^±coi9(-, xmiz75:\<^m^<DAi<Dmi&tt7bm<&tix\<^MMm.f&b 

[0054] *^PJW|ll©fitfc1t5lO-sTng^/^7K-7h7>^iCoV^ 

^—yyy^V'^^ ^mmtvxm(Fe)7!)W-7£tixWim.ttb&ftttinPfrt> 
tez>±mm& (ioo) i^n/csm ioi£>_h^ jsj«isioy=i^ (si) a*K— 

TnSli:$^^InP*^/ c C5^3U^@ll02 % InPd^*S=JU^®1103 % InAl 
GaAs Sb 36^5-<— ^SH05, Si^K-^tb-CnM^^ttTInirAlcDll^ 

(0.51; (0.49; 

jftSJBff^l*] m^kUTV ^SlnAlP^^^^® 1 108, HSftSfcSiJ&SK— 
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n Ga AsfrbttZ^PfbmillOtfmm&foT^^o 

(0.53) (0.47) 

[0055] =>V^M^1^1104«, =iU^mil03<DMi)^-<—^mil05(Dm^ 
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